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SO, FR 40 (670~730 nm) [R)FE KT
A EN s 5 — 7T, B RO AR A A ™ I 4
Y EIH A AR Ak SRR RS T 2 T4, I
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2 {EimBREMIB T SN A AL B

T B Be 2R e A A L A
AN |7 R ARG IO £ 2N A= i s A o
PR T AN R AE A, ANRIZRA . TR R RERY B
H3E, ATRESH ZRERDGIERE . A I E
ST A A EE TR O AN R VE 0 e 5 1R G T
AEREAT T R3B!, ZEKFEWFST 51 . Kobayashi
EU2IE R i, A et J2 A P 2 AR
FEREE (panicle blast) HEATIRA], WIFEKM, T
7% N IR S AE IR 2, Bl R Ll i3 i, 7K F
i i AR 430~530. 580~680 A1 1480~
2 000 nm 3 P} 44 T4 = Yang £ Cheng!" %52
5 K&, (brown planthopper) 124K FE W )26
HEAT TG KB, FIFH 737~925 nm B 1K)
AU B 0 AL A2 5 52 995 T 4 e A LB B 12 W
Yang MR B, KR 2 M K ERITRE S0 i
FLIT, 426 nm P BEAL (1) 768 2 610 S SR e i A R
a2 P, Lin 800 6 KRR AR OGRS 2
BRI 450~850 nm i Bt 1) 5 S AR 5 /KRG BiA
J#i (glume blight disease) HATAIEN . 7E/NEWIH
J7 i : Graeff &V i X6 & 4 (A0 (powdery
mildew) FI45i (take-all disease) HJ/NEEH G
TEREAT A3 BT 5 I, T R AE T3] 490, 510,516,
540, 780 F1 1300 nm ¥ B Ak 55 21 5 1 i 5
Delwiche 1 Kim"' & Bl /N 77 229 (Fusarium head
blight) HERST I 550, 568, 605. 623. 660. 697,
715 1733 nm A7 B AL DGR 3 S 5 i
W/ INFE S B IR ISR AIE, I 630~687, 740~
890 1 976~1 350 nm % B 4B UE; xR =
el 10V T /NS 4% 45955 55 560~ 670 nm I B 110 5 S 2%
BRI R, g TN Moshou
A RO215E Wi i Mt 680 725 A 750 i =
A5 NSESARI A SR B . AR SRR 5T
J71fi: Sasaki 25PR I NEZ 3] Colletotrichum
orbiculare Jp5 W & B¢ J5 23 {1 380~450 F1 750~
1 200 nm 5 BeAk B CREAE ) 244 ; Zhang 251224
RILF M99 (late blight disease) A& EREME T
i 700~750. 750~930. 950~1030 1 1040~
1130 nm 15 [ (0 633 S 06 46 10 S 35 42 Xu 257
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KL 800~1 100+ 1450 A1 1900 nm 477 & (161 2
PRI AP MY (leaf miner damage) MR HEEE
TBUR s Tones 2512010 1ok 43 b7 86 4% -5 ( xanthomonas
perforans) 7 HJGE R ILAE 395, 633~635
M 750~760 nm A7 B S A WE MR Naidu
2RI ST R PR gL 752, 684 H1 970 nm Ak
M) S B R i 255 M (leafroll disease) 4T IR
12, Wang 22 BLAENS FH 1 150~1 280 nm I
B O A2 Wi 2R 599 (sour skin disease) o
Huang 5175 W 01 3 B %09 I 2 DR 400~
1 300 nm J 25 0 A 8505 N RAR AR . ] 1
16 EIRSGIREN B AT T A S G
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Fig.1 Sensitive bands distribution for crop diseases and pests detection
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Table 1 Locations of response wave band for correlated spectroscopy of crop diseases and pests detection
T Joi i i S8k B mm ik
Y iﬁ{fﬁ ((pt‘;‘lf::ﬁg;i‘i:zv)) 490, 510, 516, 540, 780, 1300 [16]
N 7789 (fusarium head blight) 550, 568, 605, 623, 660, 697, 715, 733 [17]
N 245 (yellow rust) 680, 725, 750 [20-21]
N 245 (yellow rust) 630~687, 740~890, 976~1 350 [18]
N 445 (yellow rust) 560~670 [19]
IKFE #5 KE (brown planthopper) 737~925 [13]
i R oo w
7K FERURIF  (glume blight disease) 450~850 [38]
IKFE FEIIG (rice panicles blast) 430~530, 580~680, 1480~2 000 [12]
Foti #iik (leaf miner) 800~1 100, 1450, 1900 [25]
fiiyi] Wi (late blight disease) 700~750, 750~930, 950~1030, 1040~1 130 [23-24]
L M PEMBER (xanthomonas perforans ) 395, 633~635, 750~760 [26]
A & 2% (sour skin disease) 1150~1 280 [28]
g Bit%9i (sclerotinia rot disease) 566~567, 677, 711~712, 757, 1109~1 110, 1203 [29]
WK IRIFIFE (colletotrichum orbiculare) 380~450, 750~1 200 [22]
ik M5 (leafroll disease) 752, 684, 970 [27]

M ERBEFERT LA Y, 2RI R B Fh A
[, HOCHRAE AL B RIS 2. AL, W
SRRE 0 X 25 P AN [P0 1) 8 W U D R A7
BT AT, @A — MY R E O IEA
PP, RO RO AR G L R
WO N FIN, B AL,
A JE I U IR R AR S

3 N TAEYSs BE e dE i AR AR £

FEIP ER R RN T S e, WFFUEATIAE
TEANERRAE DG S, MR EE T4 AR R
TR0 M. 385k, Ef 2R FRTE Y
ERARARER T, Tl BA— € e = 3,
FEAEPD IR R RN . BRBE A
{E FUfE S T AREOE S, Woei s
EEGEA WY AW TR E A . FHT,

O 2 (AT 9 St % 2l i e ST 8 S5
SRR R A PR IR .

FEKFERTSE 71 . Yang 25UUR 48 M4 g
# (green normalized difference vegetation index,
GNDVI ) A1+ 3 3 % #1 4 45 % ( soil-adjusted
vegetation index, SAVI) X}7K

R F AT WU, 2 FhAREC S s R 2 A Y
YeoE RELLE] 0.8 DL F. FE/ANERFFUT I : Bravo
DRI — Ak R 4 45 %0 (normalized difference
vegetation index, NDVD) , RHIHI B HrHe /N2
BN, HERREERL 95%; Zhao %Pk
W LEE M PR 2L (simple ratio, SR) Fl = LA #
f844 (triangular vegetation index, TVD) XfiZMHi/)s
A FHAT U (A s AR ) P R AR 4455 2
BRILALEJS 1Y) 540~ 740 nm [X [7) Py o W IO UK S
(depth) FIEHIFR Carea) AEMLE/NZE 903 H 1) )™ R
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JE 2 IR EENT R 2 3 A 9SSR R s Huang S8R i
1E B 2 5% W W B fE 45 %% (the  transformed
chlorophyll absorption and reflectance index, TCARI)
AeAl L5 R FE 4 (optimized soil-adjusted
vegetation index, OSAVD) [J41G X /INEEh T4
N ERAACHAT I, o RECEF] 0.7795, 45
KL W] TCARI F OSAVI R HIN LA RE B8 52 56
T 52 B (8] /I 22 R R PR3 0 A 3 AR A 2 B0 T Rt
IR R o8 43 25 s S ik o o DLAE et /2
JUE b, AR%BIX (725~735nm) N — B i 4y
A (SDr) H&kilfz X (520~530 nm) A —F
Tl A (SDg") 1 ELABLXS /N 2295 5 i B AUk
EitETaEAH S R EUE ] 0.921, KT HEHE
R4 SDr/SDg" i T~/ 93 F (1) L2 ;. Huang
25 D3Vl ol 3 1Y 56 Ak 2 #4945 %0 ( photochemical
reflectance index, PRI) Wl T /N s, 43 e e
JEFOF S I JRE 3k 217 kI 90% R A kS 252 5
U4k, Devadas 25:CVRBLEUR I K55 (nitrogen
reflectance index, NRI) , &5 44 AN RBUBAE B $5 21

(structural independent pigment index, SIPD) ,
¥ ZFa % (plant scenescence reflectance index, PSRI)
MU — A & 25 LU 45 %0 (normalized pigment
chlorophyll ratio index, NPCI) fgug iR Ifat—0
DX 3 [F) Bl /N o T (AN R Y o ZE AR SR AT 5T 7
fii: Steddom Z5P7VFIFH NDVI. 67 3 K5 5
(anthocyanin reflectance index, ARD) Xl 52 & 2k
177 WA, Xu 221K H] /K /K45 % (water band index,
Typ) X7 i B HE T Naidu 2527223805 ]
ZLIUFE A B $5 4L (red-edge vegetation stress index,
RVSD , 15 B g WO H 48 4 (modified
chlorophyll absorption in reflectance index, MCARD),
AL KA BH JE fi # Cvisible  atmospherically
resistance index, VARID) /K53 $8%L (water index,
WD S 4o T REA T UON LR RO IA 24 0 2%
I o 222 % B T LRI — Lk B 4R
BT TGN FIRERE . IX B R 2 T REE AR A
[RS8 ERVE R H 3 e A e P AU, w] ol 4
Jo R AR 4 S R K s A A SR A

R2 EME RERNEXE BEREN

Table 2 Correlation common vegetation indices of crop diseases and pests detection

R

A — R B 2L
(normalized difference vegetation index, NDVI)
LLAEA B HE %0 (simple ratio, SR)
SRR 2L
(green normalized difference vegetation index, GNDVI)
TR I BeFE L (water band index, Iws)
T TR R (soil-adjusted vegetation index, SAVI)
Fetb AP FR % (photochemical reflectance index, PRID
“MEMPFREL (triangular vegetation index, TVI)
IR IB HEEL (red-edge vegetation stress index, RVSI)
Breiiliss s S TIE p-1
(modified chlorophyll absorption in reflectance index, MCARID)
HURAHREL
(visible atmospherically resistance index, VARD)
KA HE%L (water index, WID)
16 Z 55 (anthocyanin reflectance index, ARI)
S L e S UTVEIE-1
(the transformed chlorophyll absorption and reflectance index, TCARI)
PRAG - R R EL
(optimized soil-adjusted vegetation index, OSAVI)
F IG5 (nitrogen reflectance index, NRI)
LEMIANBIRAE AR S (structural independent pigment index, SIPI)
Fiw 2 F5 % (plant scenescence reflectance index, PSRI)
H— o 3 L AR 5L
(normalized pigment chlorophyll ratio index, NPCI)

NDVI=(Rpie-Rrea)/ (Ryirt RRea) [13-14,27,30]
SR=Rnir/ Rrea [31]
GNDVI=(RGreenRred) (RGreen Rred) [14]
Tys=R9500m/ Rooonm [25]
SAVI=(Ryir-Rrea)(1+L)/(Ryir-RpeatL), L=0.5 [14]

PR‘,:(RBlnm'R57Onm)/(R53lnm+R57Onm) [27’35]

TVI=0.5*[120*(R7500m=Rs500m)-200*(Re70nm~Rs50nm) ] (31]
RVSI=(R7140mR7520m)/2-R7330m [27]
MCARI=[(R7000m=Re700m) =0-2*(R700nm=Rs50nm)]*R700nm/ Re70nm [27]
VARI :(RGreen'RRed)/ (RGVeen+RRed'RBIx«e) [27]
WI=R900nm/Ro70nm [27]
AR[Zl/RSSOnm'l/R7OOnm [37]
TCARI=3* [(R700nm‘R670nm)'0~2 >!<(R700nm‘RSSOnm) *R700nm/R670nm] [33]
OSARI=1.16*[(Rs00nm-Re70nm)/ (Rso0nm+ Re700m10.16)] [33]
NRI=(R5700m-R6700m)/(R5700m+ Re70nm) [36]
SIPI=(Rs00nm=Raasnm)/ (Rso0nmt Resgonm) [36]
PSR[:(R678nm'R500nm)/R75Onm [36]
NPCI:(R()SOnm‘R43011m)/(R680nm+R43011m) [36]

¥ Rower Rereens Rrea P Ry S3 WIARIEPEB . SEBL. ALY BRI L AN B SN 265 Ruumber R TRFEPLAIS LS 2648 R YRR S 2

4 EmAREMBERAANNEEXSHES

N SRR BT PR TR MRS E X 7
BR T ity ZLEPE GG NP B R RN, AT Bk
PTG 5%, DU e 1 A6
FAAEZ B IR R o H RIS AN RSB s 3 DL &

AR L DFTUE ISR I T R0
VR . KRBT LAY Ny 2 2K —RER TR
RSB T IR, SR R S 2y
B sk RETTEW I T Zougiit ot Bz
SERE GO T3k, B H R T AT i
B HAT B i FRORE BEA & — 1k
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4.1 FRIEREHILEIR HREERIRAE X D E i
BT mD G AR SR EAR 7V E L G R RS
WHIE . AENFEITI: Graeff 2SR5
78T (analysis of variance) , AH743HT (correlation
analysis) Fl[R[) 7047 (regression analysis) F57/N
BN O i I R S OGIE R IE 2 AR SR &R
I AT U BRI Huang 2555V (05047 44
T NI I R R . AR KRR R
FWFTT I, VAWV TR 22 PR 5 TR YR B 1 3
WA A A IE 3SR 0 (PCAD , MR
ZMzs (PNN) , SCHFREHL (SVMD S5 2 Rl
PRI AR T G B 2 B S T R 1, AR /KR A
JEI s RN R ARZ LU« /KRS B R B
S5 Tl S N I TR T R BRSSO,
PR e e VAR N T AP IEAR R AR (R | 52
BRI BR 53 2L (C-SVC) [N ) 78 R B K AE T
I L HA A8 e FIARE Ry R AIE 9 TP 3RS R
J¥ o AEWEPET AR (PCA) Rt
PRZERIZE (PNND S0 R84 HUj MIRE A I 3E
ATV, BURDRSE Rk 95.65%, WFFRWIK: PCA
H1PNN AHZS &, 0] LUSEIN 22 Rk R LS EAT PR
T8RS 2 2R U0 o AEHAR R G WS TT 1 - Huang
5 DOVRI ) i e /N 3[Rl (PLSR) 5k, %52 %)
R A% 006 S G IR S i B4 Ol il J 22 1% AR AR 1)
— B A O R AT A A, DA L
MER, 45 PR PIMARRURE 51k 2 80% LA |, 73
A 89%H 87%: Xu ZEPLR [V /3 M 5275 i
DV WA P B AR AT T0E9T, BT S Ak
BRUREFEIA R 0.982, REME AR L 1) Fotll g 2 & A ™
¥ Costa 25K M A 4> 48 e Cprincipal
component analysis) & IJGHEHE 5 BEATHRAEBE IR 2K
99 (gray mold) FIZALE#) (sclerotinia rot) )
FLs I, AR B3, Naidu 2557 A 502 B
(discriminant analysis) F& %75 5. 4055 28 45 i 2F
APE W Lin 259 T 25058 MH (multiple
stepwise regression) =73 7 AT A g e /> 3 ]
JH (partial least squares regression) £ & /K F&iH Ik
BEsps (brown spot disease) J™HEJE N [1RIL, W
FUR I ) A 55z 7> 3R [ U1 J3 A7 Aty D0 s 55 7
FE, REREAE 95%LL b, HUGE 2 Jeig 8 mlH 54T,
REFEAE 90% LA b, 222 E o 0 iirids, Al R
JEART 90%: Liu 25UV 568 A RE BRI (101K A
FRA AT, J7 2 AT SRR A, TR
N T2 (artificial neural network, ANN) J7
VAT 4R ARG Jones Z5UMER: R R
i $5z 71> — 3 [A[ VA FN 22 76388 25 [B] U g 7 FOn A 7Y LA
PRI Al BE ,  FTABEA S TR 22 0.049,

PoE RECK 0.82, S5 R R IDGIERAR N K B i B
993 W INRAAT 207 Rumpf 25050 T Sz 43 1 F B
( support vector machine ) % ¥k Xf Fit S B Gy
Cercospora beticola WM YCIEREAT 4T, B
ST vE R PR DR ) B Y . Muhammed 1
Larsolle™", LK Muhammed 454057 553 73 bt
(independent component analysis) F1 3l 7373 A X
INEWSBEIP (tan spot disease) HEATHIST, &KL
R i FIRRET LA B, ST ED iR p
(A LT RPN B e 1 BUR oo/ 5 AR S| b I 1=
TR R 2 4 S N G TR s HU SR T
ST FERE Z A OE R o
4.2 StEGAIERREEERIRAE XS EE
WAk, A AT A AT AR U3 A 5T
HOEAWIE 2, I B A, S ROy
JE BN TR MR R E . X seafisid,
FEFT PITASEFH 1R 0 By AV A 7 VA = o) B ol
AN A ) A2 A5 B AT S, W1 Delwiche A1l
Kim!" 5 F 325 F15] 7307 (step discrimination) A1
KR 28 L0 7 V50 /N 22 AR B i AT T IX 43 AR
s G5 R TR EURAE /N2 AR R0 IR 7 T
FATHRWE /75 Zhang %5250 5o ot B AG B3E4T Bt /s
Mg 7 4y & AR # ( minimum noise fraction
transformation ) F1'% 1% /1 & il €l (spectral angle
mapping) SFACEE, BT AT EHG H BREL T R i
Wi 2 995 1 475 JEL ;. Moshou 25 P21 48 &5 1 20 41
(self-organizing map) , £ %% (neural network)
PLR R FIA 58T (quadratic discriminant analysis )
178k J2 R R G 1% UG O T /22 5545
(M, WER A ) 95%LL | Huang 5P 1
TGk EE, R ENE S TRR s s TN
ZAF 0 IR  E E RE AR Y, S M . R
AN RO s, WI2P B0 E T 25 T m G ik RF K i
7 I AR N 568 25 RURED™ e B b b OB () ] e
Qin SR 3 143 40 M MR 5% B EA T 11 5
BAKEREIAH] 92.7%; Wang 258 i (€145 2> Wi
T PRI 045 s Sighicell ZPY45 45 i
FECTRMEAR, TR THIAENE R (blue mold) X
#3)85995 (browning rot) S5, FE1SH AR A
T - o 2 R Y ) o B TR AR A mT g LS SR AR R
PG TR IL L, Yang PR F 00T
M H B H L HE 9 B 50R Cinterative  self-
organizing data analysis, ISODATA) 4} JlI1E = 73 ¥
22 61 F = G L AR BT R AR AR
PR AETE I, A5 SR TR 2 B ) &5 R kG B 2=
AIFEARE, R 2 O6IEER B A TG 5 )
(R TV o £ LR A% |, Jonas Fil Menz™
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5T Quickbird A5, FIH G A L HI AR A 1
W€ 3 H 75 (mixture tuned matched filtering
algorithm) HEAT T /NZZ FUM R RIS 550 IR0 . 3R
3 43 3% A AN AE % 2 B O

TR S A DR AT B 4 o X859 0 1R
HRERGEN Y R AE 7w gk, (A2, Wl
RFEMERG S Rl DU, brAEtbREEm, HAESIT
R RANRIIA BT EAT 5 EAT 3 2 (24

=3 (EMRREIERNEXE AT E

Table 3 Correlation algorithms and methodologies of spectral detection for crop diseases and pests
BRI iEE7] Joi AR IR VE SCHR
52553 HT, FEIGHNEE 43 b
N FH; 0% (powdery mildew; take-all disease) analysis of variance, correlation analysis [16]
and regression analysis
N 24559 (yellow rust) [F]J regression [35]
BUSE RS AT, ERRA HT
N BN (tan spot disease) independent component analysis, Principal [51-52]
component analysis
. ‘ o 2 PRI 4y
IKFE #y RE; FEYAENE (brown planthopper; leaffolder) . % H“IEU.J o [14]
linear regression models
Z e mIH, FR T, b
B - EQEE|
KT #3BE (brown spot disease) multiple stepwise regression, principal [40]
component analysis, partial least squares
regression
ERf% KA FEHQA I UE (rice leaf roller) X FF ) HAL support vector machine [43]
_ . U 5% A1 22 Y] &
KIE B4R (rice panicles blast) MR ANZ 4% probabilistic neural 39]
network
- - Far o, JrES T, N T4
IKFE FEAUM (glume blight disease) rincipal component analysis, analysis of [38]
variance, artificial neural network
i i (leaf miner) [F])= 4347 regression [25]
LI, i/ 3] nultiple
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Research progress of crop diseases and pests monitoring based on
remote sensing

Zhang Jingcheng'?, Yuan Lin', Wang Jihua'?, Luo Juhua®, Du Shizhou?,
Huang Wenjiang***
(1. Beijing Research Center for Information Technology in Agriculture, Beijing 100097, China;
2. College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310029, China;

3. Center for Earth Observation and Digital Earth, Chinese Academy of Sciences, Beijing 100094, China)

Abstract: For the monitoring of crop diseases and pests, traditional methods are still commonly used for data
collection such as manual inspection and field sampling. However, these methods are not only time consuming,
labor intensive, but also lack of generality and effectiveness, and tend to be subjective, which cannot satisfy the
real-time monitoring of crop diseases and pests over vast area. Recently, the development of remote sensing
provided an important mean for large area and rapidly obtaining crops and environmental information. This
method showed a promising potential as an alternative method to traditional methods in disease monitoring,
forecasting and yield loss assessment. Based on the description of physiological mechanism that crop diseases and
pests stressed spectral response, some effective spectral wavelengths, and vegetation indices for crop diseases or
pests monitoring were summarized and sorted. In addition, a number of algorithms used to identify diseases and
pests identification, to monitor their severity, and to assess yield loss were also reviewed. Then, challenge
problems of key technology on monitoring crop diseases and pests with remote sensing was also pointed out, and
some possible solutions and tendencies how to realize large area monitoring the crops diseases and pests in future
were also provided.

Key words: remote sensing, diseases, pest control, crops, spectral characteristic bands, vegetation index



